INTRODUCTION
Alcohol is a toxin that causes serious damage on many organs depending on the dose and duration of use. Chronic alcohol consumption is the most important factor that leads to cirrhosis, liver failure and cancer (Lieber 1997; Poschl and Seitz 2004) . In addition to that, it is a serious health problem throughout the world; approximately 4% of all deaths worldwide are attributed to alcohol (WHO 2011 ).
Toxicity of ethanol in liver can occur via direct effects of ethanol or its metabolites. Ethanol is metabolized into acetaldehyde by oxidative metabolism (Lieber 1997) . These reactions increase generation of superoxide (O 2 -• ), hydrogen peroxide (H 2 O 2 ) and hydroxyl radicals (•OH) due to elevated activity in respiratory chain (Brocardo et al. 2011) . Various defence mechanisms exist in order to prevent cellular damage caused by reactive oxygen species, for example superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) (Brocardo et al. 2011 ).
Previous studies revealed that chronic alcohol consumption related oxidative stress triggers apoptotic cell death. Ethanol induces apoptosis through three pathways (Chandramoorthy et al. 2012; ManzoAvalos and Saavedra-Molina 2010) . First pathway also known as "Intrinsic pathway" causes apoptosis through mitochondria and triggered apoptotic signals such as ROS and DNA damage.
Second pathway is called "extrinsic pathway" and acts through cell mebrane receptor-ligand association of apoptosis triggering factors such as alcohol. The third patway is called "caspase independent pathway" in which apoptosis inducing factor (AIF), directly inhibit DNAse or polyadenosinephosphate ribose polymerase (PARP) activity and generates apoptosis through mitochondrial way (Chandramoorthy et al. 2012; Mooney et al. 2006) .
For the first time, this possible effect of boric acid will be tested with a rat model of chronic alcohol consumption. Boric acid (BA) is lewis acid. Due to this property BA has inhibitory effect on enzymes like peptidases, aldehyde dehydrogenase, proteases, xanthine oxidase, nitric oxide synthase and D r a f t cytochrome b reductase. BA affects the levels of ions like calcium, magnesium and potassium, vitamin D, insuline, estrogen, testosterone and glucose metabolism. It also has strong affinity to S-adenosyl methionine (SAM). Hydroxyl group containing molecules such as glycolipids and glycoproteins can form a complex with BA which alters membrane integrity (Hunter 2005; Nielsen 2008 ). BA is used as an antioxidant and anti-inflammatory agent in cancer and inflammatory disease treatments, wound healing, prevention of oxidative stres, reducing the toxic effects of heavy metals and regulating mitochondrial membrane potential (Henderson et al. 2009; Sogut et al. 2015; Ustundag et al. 2014 ).
Furthermore, BA has restored the activity of the acetylcholinesterase which is inhibited by pesticides (Coban et al. 2015) and also is prevented from cyclophosphamide-induced and carbon tetrachlorideinduced oxidative stress (Ince et al. 2012; Ince et al. 2014 ).
The aim of this study is to investigate the possible preventive effects of boric acid administration on oxidative damage and apoptosis related to chronic ethanol consumption.
MATERIALS AND METHODS

Animals and laboratory condition
Adult thirty-two male Spraque-Dawley rats of the three mount-old and same weighing (250-260g) were purchased from TUBITAK Marmara Research Center. Rats were housed in transparent plexiglas cages in an environmentally controlled, clean-air room with temperature (22 ± 3ºC), 12h-12h lightdark cycle, and a relavite humidity of 60 ± 5%. All experimental procedures were conducted in accordance with the guidelines of Bezmialem University Institutional Animal Ethics Committee (Protocol no: 2013/27 ) and with the Guide for the Care and Use of Laboratory Animals prepared by the National Academy of Sciences.
Experimental procedure
Rats were separated into four different group: control (Group 1), ethanol (Group 2), ethanol+boric acid (Group 3) and boric acid (Group 4), (n=8). Group 1 received isocaloric dexrose solution in 3ml physiological saline solution (PSS) by gavage as a caloric substitute for alcohol every day for a month.
D r a f t
Group 2 received 15% ethanol in PSS at 1.5 g/kg/day ethanol for the first week and 30% ethanol in PSS at 3 g/kg/day for second week and 45% ethanol in PSS at 6 g/kg/day for another two weeks through gavage. We have gradually increased the amount of alcohol to prevent the death of the rats and to make the model successful. Group 3 received 15% ethanol in PSS at 1.5 g/kg/day ethanol+100 mg/kg boric acid for the first week and 30% ethanol in PSS at 3 g/kg/day+100 mg/kg boric acid for second week and 45% ethanol in PSS at 6 g/kg/day+100 mg/kg boric acid for another two weeks through oral gavage. Group 4 received 100 mg/kg boric acid in 3ml PSS by oral gavage every day for a month. This dose of boric acid is nontoxic for rodents (Ince et al. 2010; Sogut et al. 2015) .
At the end of 30 days, rats were anaesthetized with an intraperitoneal injection of ketamine-xylazine (35-5 mg/kg body weight ) and sacrificed by cervical dislocation at the end of work. Blood was collected from the jugular vein. Liver tissues were excised, frozen in liquid nitrogen and kept at -80 °C for biochemical analysis. For histopathological studies, dissected tissues were fixed in neutral formalin for 24-48 h. Routine histopathological procedure was applied after fixation.
Biochemical Measurements
Blood alcohol concentration (BAC), alanine transaminase (ALT) and aspartate transaminase (AST) measurement: Serum alcohol level were measured by enzymatic method (alcohol dehydrogenase) using commercial Roche kit (Roche Molecular Systems, Branchburg, New Jersey) on Roche-Hitachi Cobas c501 analyzer on the day the rats (group 2 and group 3) were sacrificed. ALT and AST levels of each experimental groups were measurement by enzymatic methods using commercial Roche kit (Roche Molecular Systems, Branchburg, New Jersey) on Roche-Hitachi Cobas c311 analyzer.
Malondialdehyde levels (MDA):
At time of analysis, rat liver tissues were weighed and homogenized in an ice-cold 0.15 M KCl solution using an Ultra Turrax T18 basic homogenizer (IKA, Wilmington, North Carolina). The homogenate was centrifuged at 600xg for 10 min at 4°C and the supernatants were used to measure MDA levels by the colorimetric reaction of thiobarbituric acid reactive D r a f t substances in the presence of MDA at 532 nm, according to method of Ohkawa et al (Ohkawa et al. 1979 ). The results were expressed as nmol/mg protein.
Total Sialic acid levels (TSA) : TSA levels in liver homogenate were determined according to the method of Katopodis et al. (Katopodis et al. 1982) which is based on the principle of measuring the color that resorcinol forms with SA at 580 nm. SA values were expressed as nmol/mg protein.
Antioxidant enzyme activities in liver homogenates: SOD activity was determined according to the method of Winterbourn et al. (Winterbourn et al. 1975 ) One unit of SOD expressed in U/mg protein was designated as the amount of enzyme that inhibits the reduction of nitroblue tetrazolium reduction by 50%. CAT activities were calculated using the method of Beutler (Beutler 1982) . The reduction in optical density per minute was determined and the enzyme activity was expressed in U/mg protein.
GPx activity in U/g protein was spectrophotometrically determined at 340 nm using the methods of Paglia and Valentine (Paglia and Valentine 1967) . The protein concentration of homogenates gathered from liver tissues were determined using the Bradford assay.
Caspase-3 activation: Colorimetric caspase-3 measurement kit (Sigma, St. Louis, Missouri) was used to measure caspase-3 activities in supernatant fractions. Results were expressed on µmol pNA/minute.
TNF-alpha levels (TNF-α):
TNF-α levels were measured using an ELISA assay described for rat TNF-α kit (TNF-α Quantikine ELISA kit, Minneapolis, Minnesota). Results were expressed on pg/ mg protein.
Histopathological analysis
Five-µm sections were deparaffinized and rehydrated. Slides were stained with haematoxylin and eosin (H&E) according to routine procedures. Two independent histologists blinded to each other performed all histopathological examinations. Histopathological damage scoring was performed as an inflammations (Kleiner et al. 2005 Histopathological Results (Table 2) Inflamation with H&E, according to data, inflammation rate was quite high in ethanol group compared to ethanol+boric acid group and this increase was significant (P<0.05) (Figure 1 ). When these scoring data were analyzed statistically, Caspase-3 activities of ethanol group were found to be significantly increased compared to control group, ethanol+boric acid group and boric acid group 
DISCUSSION
In this study, we investigated the possible preventive effects of boric acid administration on oxidative damage and apoptosis related to chronic ethanol consumption. While human body produces very few amounts of ROS during metabolic reactions, excessive alcohol consumption leads to intensive ROS synthesis which causes impairments in cellular molecules such as lipid, proteins and nucleotides (Tuma and Casey 2003) . In our study, levels of MDA, a lipid peroxidation end product, and TSA, which is a terminal component on un reductated ends of glycolipids and glycoproteins, were significantly increased. Parallel with our results, alcohol consumption was previously shown to increase MDA and TSA leves in liver cells (Kanbak et al. 2001; Romppanen et al. 2002) .
Ethanol+boric acid treatment has significantly decreased alcohol-induced membrane damage as D r a f t indicated by reduced MDA and TSA levels in our study. Previos studies also showed that boric acid treatment reduced lipid peroxidation and membrane damage (Ince et al. 2010; Sogut et al. 2015) .
Furthermore, BA is prevented from cyclophosphamide-induced and carbon tetrachloride-induced oxidative stress (Ince et al. 2012; Ince et al. 2014 ).
Various defence mechanisms are present to cope with increased ROS production and cellular damage related to alcohol consumption. Intracellular antioxidants SOD, CAT and GPx are part of this defence system (Brocardo et al. 2011 ) . Chronic alcohol consumption was shown to increase oxidative stress while decrease intracellular antioxidant levels (Sogut et al. 2015) . Similarly, intracellular antioxidant levels were significantly reduced in alcohol group in our study. On the other hand, SOD and GPx activities were increased significantly while catalase activities were not increased significantly in ethanol+boric acid group of our study. Previous studies also showed that boric acid treatment increased SOD, CAT and GSH activities (Coban et al. 2015; Ince et al. 2012 ). Boric acid is involved in cellular membrane functions although its antioxidant mechanisms are not clearly defined yet (Hunter 2005; Nielsen 2008) . It was previously shown that 100 mg/kg boric acid supplementation decreased lipid peroxidation while increased antioxidant defence levels (Ince et al. 2010; Sogut et al. 2015) . Boric acid (BA) is a fundamental element for plants, humans, and animals to metabolic processes (Hunter 2005; Nielsen 2008 ). Boric acid contains 17.48% boron. When boron is taken orally, it enters the blood stream and its urinary excretion rate is ~100%. Boron has not accretion in the human body (Tepedelen et al. 2016) . Existing data indicated that the oral LD 50 values for boric acid in mice and rats are in the range of about 400-700 mg of boron per kg of body weight. No toxic effects were observed in short term (less than one month) chronic boric acid (100 mg/kg boric acid) supplementation in rodents (Weir and Fisher 1972) . Furthermore, the same dose of boric acid has been used in many studies to reduce oxidative damage (Ince et al. 2010; Kizilay et al. 2016; Sogut et al. 2015 ).
D r a f t
We hypothesize that possible mechanism of boric acid administration is increasing SAM (S-adenosyl methinonine) levels which causes the prevention of alcohol related lipid peroxidaiton. As a Lewis acid, boric acid may form complexes through its hydroxyl groups with several biological compounds (Hunter 2005; Nielsen 2008) . Boric acid has a high affinity to SAM which acts as a methyl donour in pathways like transsulfuration and polyamine synthesis (Nielsen 2009 ). Previous studies revealed that chronic alcohol consumption decreased SAM levels while increase SAH (S-Adenosyl homocycsteine) levels and subsequently improved SAM/SAH ratio which is an indicator of methylation capacity (Stickel et al. 2000) . In another study, boron deficiency decreased SAM levels while increased homocycsteine levels (Hunter 2005) . Similar to these studies, boric acid supplementation increased SAM/SAH ratio and mediated cellular membrane functions in our study indicated by the decreases in MDA and sialic acid levels which are markers for membrane integrity distruption.
Several markers for alcoholic liver disease and nonalcoholic steatohepatitis have been studied e.g. AST, ALT, carbohydrate deficient transferrin (CDT), gamma glutamyl transferase (GGT) and tissue polypeptide-specific antigen (cytokeratin; CK-18, CK-19) (Gonzalez-Quintela et al. 2006; Nyblom et al. 2004) . Alcohol administration caused statistically significant and non significant elevations in liver ALT and AST levels respectively. Increased serum aminotransferase activities are important markers for liver related diseases. Blood alcohol leves were also measured in our study.
Blood alcohol concentrations of 100mg/dl and above are considered toxic doses (Gentilello et al. 1999 ). Acute or chronic 200mg/dl blood alcohol concentration is reported to decrease cell proliferation and promote cell death (He et al. 2005) . Mean blood alcohol concentration of 191,1 ± 13,53 mg/dl in our study caused liver damage which is parallel to previous studies. Blood alcohol concentrations were significantly reduced in ethanol+boric acid group which may be attributed to inhibitor effect of boric acid on aldehyde dehydrogenase enzyme (Hunter 2005; Nielsen 2008 ).
Alcohol triggers ROS overproduction and causes hepatic apoptosis through oxidative stress. Ethanol induces apoptosis via intrinsic and extrinsic caspase related pathways and also caspase independent pathways (Chandramoorthy et al. 2012; Manzo-Avalos and Saavedra-Molina 2010; Mooney et al. 2006 ). Our biochemical and histopathological results showed that caspase-3, TNF-α, inflammation but not DNA fragmentation, were significantly decreased in ethanol+boric acid administration groups.
Inflammatory agents like ethanol may induce necrosis, apoptosis and distruption in hepatocytes.
Production of extracellular matrix proteins may induce fibrosis and activate hepatic stellate cells (Kupffer Cells) (Dai et al. 2003) . This activation induces liver damage and may also cause overproduction of extracellular matrix proteins, forming collagen type one. Alcohol adiministration was shown to increase the sensitivity of Kupffer Cells and the production inflammatory cytokines (Dai et al. 2003 ) which further incerases TNF-α and ROS synthesis (Nagai et al. 2002) .
Our results are similar to the previous studies which show that ethanol can trigger apoptosis (Cohen et al. 2009; Sogut et al. 2017 ). Tang et al. also demonstrated that proper doses of boric acid (160 mg/L most) prevents apoptosis and brain development damage in ostrich chick brains (Tang et al. 2016 ).
ROS contributes inflammation process. GSH is an important agent against protecting cellular redox balance against ROS related oxidative stress. Anti reheumatoid drug usage increases GSH levels in patient with arthritis. There is a special association between TNF-α levels and GSH (Toborek et al. 1995) . It was observed that boron administration reduced oxidative damage by increasing glutathione reserves which neutralize oxidative agents (Cao et al. 2008) . In addition to these, administration of boric acid increases the levels of GSH level, thereby reserving the toxic effects of malathion (Coban et al. 2015) . In an experimental rat model of infant necrotic enterocolitis, boric acid administration elevated antioxidant levels by preventing the depletion of GSH reserves (Yazici et al. 2014) . Also, boric acid treatment reduced prostate cancer cell proliferation by decreasing intracellular Ca ++ reserves and signalling which are important in apoptosome formation (Henderson et al. 2009; Scorei et al. 2008 ). Boric acid may have a possible indirectly preventive effect on apoptosis. Boric acid may increase anti-oxidant levels (probably by preventing GSH depletion) and limits inflammatory D r a f t processes by decrasing intracelleular ROS and Ca ++ levels and finally, reduced TNF-α and ROS levels prevent apoptotic cell death.
In conclusion, mechanisms of alcoholic liver disease are not fully revealed and also mechanisms of boric acid are still being studied. We think that boric acid increase antioxidant, GSH and SAM levels and therefore has preventive effect on oxidative damage, inflammatory processes, and apoptosis.
According to our study, we propose that further reserach is required on the dose related effects of boric acid on SAH (SAM) and GSH levels. 279x215mm (300 x 300 DPI)
